Right ventricular wall and chamber volume were measured by magnetic resonance imaging in 16 patients with stable chronic obstructive lung disease who subsequently underwent measurement of pulmonary haemodynamics by right heart catheterisation. The patients had a forced expiratory volume in one second of 0-7 (SD 0-3) litres, a forced vital capacity of 2-4 (1-0) 1, an arterial oxygen tension (Pao2) of 6-5 (1P3) kPa, an arterial carbon dioxide tension (Paco2) of 6-5 (1-0) kPa, and a mean pulmonary arterial pressure 30 (10) We studied 16 patients (seven women and nine men) with chronic obstructive lung disease, whose mean age was 65-4 (range 40-80) years. All the patients had chronic, largely irreversible, airflow limitation (mean FEV, 0-73, range 0-3-1-4 1; mean FVC 2-4, range 0-9-4-0 1) and were hypoxaemic (mean arterial oxygen tension (Pao2) 6-5, range 4-9-8-3 kPa), and most were also hypercapnic (mean carbon dioxide tension (Paco2) 6-5, range 4-9-8-8 kPa). The patients were clinically stable when studied. None had evidence of peripheral oedema, and their arterial blood gas values, FEVI, and body weight were stable during the six weeks before the study.
Assessment of the right ventricle by magnetic resonance imaging in chronic obstructive lung disease L W Turnbull, J P Ridgway, W 16 patients with stable chronic obstructive lung disease who subsequently underwent measurement of pulmonary haemodynamics by right heart catheterisation. The patients had a forced expiratory volume in one second of 0-7 (SD 0-3) litres, a forced vital capacity of [2] [3] [4] (1-0) 1, an arterial oxygen tension (Pao2) of 6-5 (1P3) kPa, an arterial carbon dioxide tension (Paco2) of (1-0) kPa, and a mean pulmonary arterial pressure 30 (10) mm Hg. The mean right ventricular free wall volume was 57-1 cm3, compared with a mean value of 115-0 (44-3) cm3 for the left ventricle and interventricular septal volume. The right ventricular chamber volume at end systole was 44-8 cm3, whereas the left ventricular end systolic chamber volume was 51-1 (35-1) cm3. The right ventricular free wall volume correlated with the right ventricular chamber volume (r = 0-71), systolic (r = 0-74) and mean (r = 0-72) pulmonary arterial pressure, pulmonary vascular resistance (r = 0-67), and Paco2 (r=0-56). There Magnetic resonance imaging was carried out two to five days after the cardiac catheterisation, a low field system being used that operated at 0-08 Tesla (M and D Technology). A cardiac gating technique was used with two non-ferromagnetic electrodes placed on the left anterior chest wall and right wrist. The peak of the R wave was used to trigger data acquisition during end systole (210 ms after the upstroke R wave). Scout images were obtained in a coronal plane to visualise the ventricles in the longitudinal axis. Transverse images were then aligned so that the imaging plane was perpendicular to the interventricular septum. Eight slices 16 mm thick were acquired to encompass the ventricles from base to apex, but to exclude the ventricular outflow tracts. An interleaved saturation recovery-inversion recovery pulse sequence (TI = 100ims, interslice TR=42 ms, TE=22 ms) was used, from which a map of the relaxation parameter T, was calculated.'3 The T, map image showed good contrast between the myocardium and the epicardial fat. The outline of the endocardial and epicardial interfaces was defined as an irregular region of interest. The right ventricular free wall area excluding the interventricular septum, the left ventricular wall area including the interventricular septum, and both ventricular chamber areas were measured separately on all images. These values were then multiplied by the slice thickness and summated to obtain the chamber and wall volumes. Images were acquired on a 128 x 64 matrix with a field of view of 384 mm. Each examination lasted about 40 minutes. Examples of the images obtained in a normal subject and a patient with right ventricular hypertrophy and dilatation are shown in figure 1.
To determine the intraobserver and interobserver variability measurements were made on each image on three separate occasions by the same observer (LWT) and independently by a second observer (HMcR), without knowledge of the other's results. The mean values were used in the correlations.
Values were compared by means of the paired Student's t test. Correlation coefficients were obtained by linear regression analysis.
Results

REPRODUCIBILITY
The interobserver variability for measurements of right ventricular volume was 14%, and the intraobserver variability was 6% for LWT and 7% for HMcR. With a perspex phantom, containing cubes of known dimensions filled with copper sulphate solution, the accuracy of linear measurements on the T, map images was within + 5%.
The right ventricular free wall volume in young healthy subjects was (range 20-7-35 6) cm3, compared with 20-8 (range 9 1-31 7) cm' in the healthy older volunteers. The mean percentage difference in the measurement of right ventricular free wall volume measured from images acquired on three separate occasions in the four younger subjects was 3-0% (range 1-1-7-0%). 68% of the length of the free wall of the right ventricle in normal subjects with magnetic resonance imaging. Several factors may explain this discrepancy. In our study all the images were acquired during end systole and not in end diastole. We used angled transaxial images, in contrast to the short axis images in the paraxial plane used in the study by Suzuki et al."7 Additionally, all of our patients had hyperinflated lungs, with an increase in the size of the retrosternal air space, which aided the distinction between the right ventricular wall and the retrosternal tissues.
At present there is no generally agreed gold standard for measurement of right ventricular chamber volumes in either normal subjects or patients with cor pulmonale, though magnetic resonance imaging probably yields the best results.23 Data from normal volunteers derived from biplane angiography have produced right ventricular end systolic chamber volumes of 39 (9) ml24 and 26 (6) In summary, this study has shown that magnetic resonance imaging can be used to obtain volumetric data from the right ventricle in patients with chronic obstructive lung disease, and that this correlates with pulmonary artery pressure. This is a non-invasive, repeatable, and safe technique that could undoubtedly be improved with a higher field system, which would allow the effect of therapeutic interventions on right ventricular volumes to be assessed more accurately. The results of our study suggest that assessment of the right ventricle by magnetic resonance imaging in patients with chronic obstructive lung disease merits further study, with pathological verification of the results.
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